Abstract
I. Introduction
Over the past two decades a vast amount of research has been devoted to studying the interdependence among national equity markets, especially in the wake of the October 1987 crash which caused correlated stock price movements across international stock markets.
1 Previous empirical studies have employed cointegration techniques to explore international equity market linkages. The study of MacDonald and Taylor (1989) argues that asset prices from two different efficient markets cannot be cointegrated. Specifically, if a pair of stock prices is cointegrated, one stock price can be forecast (is Granger-caused) by the other. Thus, cointegration is inconsistent with weak form efficiency. These cointegration results suggest that there are no gains from portfolio diversification. Most studies are centralized in examining the long-run gains for the investors of the large industrialized countries. For example, potential long-run benefits from international diversification between the U.S. and Japan, and the stock markets in French, German and the UK during the pre and post October crash are found in . Which examining the linkages and dynamic interactions among five stock markets using pairwise cointegration and errorcorrection models. Same conclusions of the existence of potential long-run benefits in risk reduction from diversifying in US stocks and stocks in any of the major European markets are found in . 2 In contrast to and , this result of suggests that the benefits from international diversification among the U.S., Japan, U.K. and Germany stock markets are not obtainable. investigated the dynamic linkages among the U.S., Japan, U.K. and German stock market indices using multivariate cointegration and error-correction models and significantly found that both short-run and long-run relationships among these 1 Literature investigating the effect of 1987 stock crash on the linkage among international equities can be found in , and Masih and Masih (1997b) four industrialized countries' stock indices are existed. Recently, considerable attention has been given to possible linkages and interdependencies in major Asian countries. , , Roger (1994) and Kwan, Erisccos and Dolado (1995) , using cointegration tests and vector autoregressive analysis, report that international diversification in major countries are effective. examine the links and dynamic interactions between the U.S. and six major Asian stock markets before and after October 1987 and find a long-run equilibrium relationship between the U.S. and Asian stock market movements during the post-October 1987 period. This result suggests that the benefits from international diversification between U.S. and the Asian equity markets have substantially reduced since October 1987. also tested for multivariate cointegration between four Asian Newly Industrializing Countries stock markets -Taiwan, South Korea, Singapore, and Hong Kong -in models incorporating the established markets of the U.S., Japan, UK and Germany and reached the same conclusions.
The objective of this study is to explore whether there exist long-run gains from international equity diversification for Taiwan investors who invest in the equity markets of its major trading partners, namely those of Hong Kong, Japan, Singapore, South Korea and the United States over the period January 5, 1995 to February 16, 2001 . The main reasons for us to chooses these five countries is that the share of exports and imports from Taiwan to these five countries were relatively high about 61.8% and 51.8%, respectively, at the end of 1999. In order to fully investigate the long-run relationship among variables during our samples period selected, we incorporate two dummies, taking into account two financial shocks of the stock crash of the United States in 1997 (D97) and the Asian financial crisis (DAC), into our model. We explore the potential for long-run diversification gains for Taiwan investors by examining whether Taiwan market is multivariated cointegrated with the stock markets of the Hong Kong, Japan, Singapore, South Korea and the United States. The results from and multivariate cointegration test indicate that these six stock markets are cointegrated with one cointegrating vector. This implicates that the efficient market hypothesis (EMH) is violated in this multivariate context and the Taiwan investors may not yield portfolio diversification from these countries in the long run. However, the dropping of either Singapore or South Korea markets from the portfolios leads to a rejection of cointegration and hence implies gains from portfolio diversification. Our results suggest that analysis of more extensive investment portfolios and the drawing of conclusions regarding portfolio diversification must be carried out with great care for Taiwan investors over this sample period. These results are valuable to Taiwan individual investors and financial institutions holding internationally diversified long-run investment portfolios.
The major motivations for this study are several folds. First, Taiwan is a rapidly expanding emerging market and a significant number of Taiwan investors have adopted diversification benefits as the primary criterion in investing outside Taiwan. Second, the rapid growth of the Taiwan economy has attracted the attention of international investors and both Dow Jones and Morgan Stanley have put Taiwan stocks into their international indexes since September 1997. This suggests that the issue of international linkages of the Taiwan share market is of practical interest to a significant number of international investors. Third, little evidence is available on the long-run linkages of Taiwan share markets and its implications for long-run benefits from international equity diversification.
The remainder of this study is organized as follows. Section II presents the data used. Section III presents the methodologies used and discusses the empirical results. Finally, Section IV concludes.
II. Data
Our empirical analysis employs daily data on stock price indexes for Taiwan and its major trading partners, namely those of Japan, Hong Kong, Singapore, South Korea, and the United States over the period of January 5, 1995 to February 16, 2001 . The representative indexes used in the analysis are shown in Table 1 . The daily closing price index data are collected from the Taiwan Stock Exchange and the AREMOS of the Ministry of Education, Taiwan. All the indexes are based on local currencies. Following the study, the time series data have been adjusted by dropping some entries, including the Saturday entries, to guarantee that each country has an entry on given date. According to , this method may take care of data gap caused by holidays and other nonworking days. Therefore, the total number of observations for each country is 1247. All series are measured in natural logs. Causal observation suggests that each stock price series appears to be nonstationary and that these six national stock price indexes tend to move more or less together over time, a result which is later confirmed through the use of cointegration technique.
III. Methodology and Empirical Results

A. Unit Root Tests of National Stock Price Indices
Recent studies have found that many macroeconomic and financial time series, including stock price series, contain unit roots dominated by stochastic trends (see . A necessary but not sufficient _ condition for cointegration is that each of the stock price index series should be integrated of the same order (or I(1), see . In this study, unit root is tested using both Augmented Dickey-Fuller (ADF) (1981) and Phillips-Perron (P-P) (1988) tests. Panel A in Table 2 reports the results of non-stationary tests for Taiwan, Hong Kong, Japan, Singapore, South Korea, and the U.S. stock price indexes using augmented Dickey-Fuller tests. According to the applicable test statistics reported by , non-stationarity can not be rejected for the levels of each stock price series at the 5-percent significance level based on ADF test. In contrast, when the data are differenced, non-stationarity can be rejected for all data series. These results imply that each stock price index are integrated of order one (or I(1)). The forms of I(1) series for all the stock indices are further confirmed by the P-P test as shown in Pane B of Table 2 .
B. Cointegration Tests
Given unit roots, the issue arises whether there exists some long-run equilibrium relationship among stock price indexes. The existence of long-run equilibrium relationship among variables is referred to literature as cointegration. According to . Cointegration tests in this study are conducted using the multivariate maximum likelihood methedology developed by and . This procedure is currently the most reliable test for cointegration and avoids the problems with the two-step procedure, as shown in and in .
Following and , we construct a pdimensional vector autoregressive model with Gaussian errors, expressed by its first-differenced error correction from as
where Y t is the vector of the national stock series studied; ε t is i.i.d. N(0, Σ),a white noise process;
In order to fully investigate the long-run relationship among variables during our samples period selected, we incorporate two dummies, taking into account two financial shocks of the stock crash of the United States in 1997 (D97) and the Asian financial crisis (DAC), into our model.
The Π matrix conveys information about the long-run relationship among elements of Y t , and the rank of Π is the number of linearly independent and stationary linear combinations of stock price series studied. Thus, testing for cointegration involves testing for the rank of Π matrix, r, by examining whether the eigenvalues of Π are significantly different from zero.
Johansen (1988) and propose two test statistics for testing the number of cointegrating vetror (or the rank of Π, namely the trace and the maximum eigenvalue statistics. It is known that the cointegration tests are very sensitive to the choice of lag length. Since the estimation might be biased if the lag length is pre-designated without rigorous determination, this paper adopts Schwartz Bayesian information criterion (SBC) to determine the optimal number of lags based on the "principle of parsimony". The SBC suggests four lags for our six-market VAR model. The results of Table 3 presents the results from the and multivariate cointegration tests. Trace statistics and L-max statistics both suggest that there exists one cointegrating vector among these six stock markets, which implies that there exists a long-run relationship among these six stock markets. The existence of a long-run relationship among these six stock markets suggests that the long-run benefits for a Taiwan investor who diversifies in the stock markets of its major trading partners, namely those of Hong Kong, Japan Singapore, South Korea and the United States are not obtainable. Our finding of cointegration is quite compatible with the findings of and .
To gain further insight these relationships, we also run cointegration tests by taking five markets, four markets, three markets and two markets at each time. The results from Panel B to Panel E of Table 3 show that there exists one cointegrating relationship among Taiwan-Japan-Hong Kong-South KoreaSingapore markets, Taiwan-Japan-US-South Korea-Singapore markets, TaiwanHong Kong-US-South Korea-Singapore markets (in terms of five-market models), Taiwan-Japan-South Korea-Singapore markets, Taiwan-Hong Kong-South KoreaSingapore markets, Taiwan-US-South Korea-Singapore markets (in terms of fourmarket models), and Taiwan-South Korea-Singapore markets (for three-market models). These results indicate that any portfolios regarding the above cases may not yield any international portfolio diversification in the long-run. However, there exists no cointegrating relationship among the rest of the market portfolios, which argue that there are gains from portfolio diversification in the long run for the rest of market portfolios.
The results above show that the dropping of either Singapore or South Korea markets from the market portfolios may lead to a rejection of cointegration and hence thus gain from diversification. These results suggest that analysis of more extensive portfolios and the drawing of conclusions regarding portfolio diversification must be carried out with great care for Taiwan investors. Pane F of 
IV. Conclusion
This study provides evidence that there exist no potential long-run portfolio diversification gains to Taiwan investors from diversifying in the stock markets of its major trading partners, namely those of Hong Kong, Japan, Singapore, South Korea, and the United States, in the sense that there is evidence of cointegrating relationship among these stock markets. However, our results show that the dropping of both Singapore and South Korea markets from the market portfolio may lead to a rejection of cointegration and hence imply gains from diversification. Our results argue that the analysis of more extensive portfolios and the drawing of conclusions regarding portfolio diversification must be carried out with great care for Taiwan investors. These findings can be valuable to Taiwan individual investors and financial institutions evaluating international portfolios, as well as institutions such as superannuation funds holding internationally diversified long-run investment portfolios. Phillips, P. C. and Perron, P. (1988) , "Testing for a unit root in time series regression,"
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